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Abstract
We examine the h→ µτ and muon g-2 in the exact alignment limit of two-Higgs-doublet model.
In this case, the couplings of the SM-like Higgs to the SM particles are the same as the Higgs
couplings in the SM at the tree level, and the tree-level lepton-flavor-violating coupling hµτ is
absent. We assume the lepton-flavor-violating µτ excess observed by CMS to be respectively from
the other neutral Higgses, H and A, which almost degenerates with the SM-like Higgs at the 125
GeV. After imposing the relevant theoretical constraints and experimental constraints from the
precision electroweak data, B-meson decays, τ decays and Higgs searches, we find that the muon
g-2 anomaly and µτ excess favor the small lepton Yukawa coupling and top Yukawa coupling of
the non-SM-like Higgs around 125 GeV, and the lepton-flavor-violating coupling is sensitive to
another heavy neutral Higgs mass. In addition, if the µτ excess is from H around 125 GeV, the
experimental data of the heavy Higgs decaying into µτ favor mA > 230 GeV for a relatively large
Ht¯t coupling.
PACS numbers: 12.60.Fr, 14.80.Ec, 14.80.Bn
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I. INTRODUCTION
The ATLAS and CMS collaborations have probed the lepton-flavor-violating (LFV) Higgs
decay h→ µτ around 125 GeV at the LHC run-I [1–3] and early run-II [4]. By the analysis
of data sample corresponding to an integrated luminosity of 20.3 fb−1 at the
√
s = 8 TeV
LHC, the ATLAS Collaboration found a mild deviation of 1σ significance in the h → µτ
channel and set an upper limit of Br(h → µτ) < 1.43% at 95% confidence level with a
best fit Br(h → µτ) = (0.53 ± 0.51)% [2]. Based on the data sample corresponding to an
integrated luminosity of 19.7 fb−1 at the
√
s = 8 TeV LHC, the CMS collaboration imposed
an upper limit of Br(h → µτ) < 1.51% at 95% confidence level, while the best fit value is
Br(h→ µτ) = (0.84+0.39−0.37)% with a small excess of 2.4σ [3]. At the
√
s = 13 TeV LHC run-II
with an integrated luminosity of 2.3 fb−1, the CMS collaboration did not observe the excess
and imposed an upper limit of Br(h→ µτ) < 1.2% [4]. However, the CMS search result at
the early LHC run-II can not definitely kill the excess of h→ µτ due to the low integrated
luminosity.
If the h → µτ excess is not a statistical fluctuation, the new physics with the LFV
interactions can give a simple explanation for the excess. On the other hand, the long-
standing anomaly of the muon anomalous magnetic moment (muon g-2) implies that the
new physics is connected to muons. The two excesses can be simultaneously explained by
the LFV Higgs interactions, such as the general two-Higgs-doublet model (2HDM) with
the LFV Higgs interactions. There have been many studies on the h → µτ excess in the
framework of 2HDM [5–7] and some other new physics models [8].
In this paper, we discuss the excesses of h→ µτ and muon g-2 in the exact alignment limit
of the general 2HDM where one of the neutral Higgs mass eigenstates is aligned with the
direction of the scalar field vacuum expectation value (VEV) [9]. In the interesting scenario,
the SM-like Higgs couplings to the SM particles are the same as the Higgs couplings in the
SM at the tree level, and the tree-level LFV coupling hµτ is absent. We assume the µτ
excess observed by CMS to be respectively from the other neutral Higgses, H and A, which
almost degenerates with the SM-like Higgs at the 125 GeV. In our discussions, we impose
the relevant theoretical constraints from the vacuum stability, unitarity and perturbativity
as well as the experimental constraints from the precision electroweak data, B-meson decays,
τ decays and Higgs searches.
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Our work is organized as follows. In Sec. II we recapitulate the alignment limit of 2HDM.
In Sec. III we perform the numerical calculations and discuss the muon g-2 anomaly and
the µτ excess around 125 GeV after imposing the relevant theoretical and experimental
constraints. Finally, we give our conclusion in Sec. IV.
II. TWO-HIGGS-DOUBLET MODEL AND THE ALIGNMENT LIMIT
The alignment limit of 2HDM is defined as the limit in which one of the two neutral
CP-even Higgs mass eigenstates aligns with the direction of the scalar field VEV [9]. The
alignment limit can be easily realized in the decoupling limit [10], namely that all the non-
SM-like Higgses are very heavy. The possibility of alignment without decoupling limit was
first noted in [10], ”re-invented” in [11–13] and further studied in [9, 14–17]. The alignment
limit is basis-independent, and clearly exhibited in the Higgs basis. The alignment limit also
exists in the Minimal Supersymmetric Standard Model which is a constrained incarnation of
the general 2HDM. There are some detailed discussions in [18, 19] and a very recent study
in [20].
A. Two-Higgs-doublet model in the Higgs basis
The general Higgs potential is written as [21]
V = µ1(H
†
1H1) + µ2(H
†
2H2) +
[
µ3(H
†
1H2 + h.c.)
]
+
k1
2
(H†1H1)
2 +
k2
2
(H†2H2)
2 + k3(H
†
1H1)(H
†
2H2) + k4(H
†
1H2)(H
†
2H1)
+
[
k5
2
(H†1H2)
2 + h.c.
]
+
[
k6(H
†
1H1)(H
†
1H2) + h.c.
]
+
[
k7(H
†
2H2)(H
†
1H2) + h.c.
]
. (1)
All µi and ki are real in the CP-conserving case. In the Higgs basis, the H1 field has a VEV
v =246 GeV, and the VEV of H2 field is zero. The two complex scalar doublets have the
hypercharge Y = 1,
H1 =

 G+
1√
2
(v + ρ1 + iG0)

 , H2 =

 H+
1√
2
(ρ2 + iA0)

 . (2)
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The Nambu-Goldstone bosons G0 and G+ are eaten by the gauge bosons. The H± and
A are the mass eigenstates of the charged Higgs boson and CP-odd Higgs boson, and their
masses are given by
m2A = m
2
H± +
1
2
v2(k4 − k5). (3)
The physical CP-even Higgs bosons h and H are the linear combinations of ρ1 and ρ2,
 ρ1
ρ2

 =

 sθ cθ
cθ − sθ



 h
H

 , (4)
and their masses are given as
m2h,H =
1
2
[
m2A + (k1 + k5)v
2 ∓
√
[m2A + (k5 − k1)v2]2 + 4k26v4
]
. (5)
Where sθ ≡ sin θ and cθ ≡ cos θ,
cos θ =
−k6v2√
(m2H −m2h)(m2H − k1v2)
. (6)
In this paper we take the light CP-even Higgs h as the 125 GeV Higgs. For cos θ = 0,
the mass eigenstates of CP-even Higgs bosons are obtained from the Eq. (4),
h = ρ1, H = −ρ2, (7)
which is so called ”alignment limit”. The Eq. (6) shows that the alignment limit can be
realized in two ways: k6 = 0 or m
2
H ≫ v2. The latter is called the decoupling limit. In
this paper we focus on the former, which is the alignment without decoupling limit. In the
alignment limit, the h couplings to gauge bosons are the same as the Higgs couplings in the
SM, and the H has no couplings to gauge bosons.
B. The Higgs couplings
We can rotate the Higgs basis by a mixing angle β,
 Φ1
Φ2

 =

 cβ − sβ
sβ cβ



 H1
H2

 . (8)
Where sβ ≡ sin β, cβ ≡ cos β, and tan β = v2/v1 with v2 and v1 being the VEVs of Φ2 and
Φ1 and v
2 = v21 + v
2
2 = (246 GeV)
2.
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The general Higgs potential is written as [21]
V = m211(Φ
†
1Φ1) +m
2
22(Φ
†
2Φ2)−
[
m212(Φ
†
1Φ2 + h.c.)
]
+
λ1
2
(Φ†1Φ1)
2 +
λ2
2
(Φ†2Φ2)
2 + λ3(Φ
†
1Φ1)(Φ
†
2Φ2) + λ4(Φ
†
1Φ2)(Φ
†
2Φ1)
+
[
λ5
2
(Φ†1Φ2)
2 + h.c.
]
+
[
λ6(Φ
†
1Φ1)(Φ
†
1Φ2) + h.c.
]
+
[
λ7(Φ
†
2Φ2)(Φ
†
1Φ2) + h.c.
]
. (9)
The parameters mij and λi are the linear combinations of the parameters in the Higgs basis:
µi and ki. The detailed expressions are introduced in [9, 22]. After spontaneous electroweak
symmetry breaking, there are five physical Higgses: two neutral CP-even h and H , one
neutral pseudoscalar A, and two charged scalar H±.
The general Yukawa interaction can be given as
−L = Yu1QL Φ˜1 uR + Yd1QLΦ1 dR + Yℓ1LLΦ1 eR
+ Yu2QL Φ˜2 uR + Yd2QLΦ2 dR + Yℓ2LLΦ2 eR + h.c. , (10)
where QTL = (uL , dL), L
T
L = (νL , lL), Φ˜1,2 = iτ2Φ
∗
1,2, and Yu1,2, Yd1,2 and Yℓ1,2 are 3 × 3
matrices in family space.
To avoid the tree-level FCNC couplings of the quarks, we take
Yu1 = cu ρu, Yu2 = su ρu,
Yd1 = cd ρd, Yd2 = sd ρd, (11)
where cu ≡ cos θu, su ≡ sin θu, cd ≡ cos θd, sd ≡ sin θd and ρu (ρd) is the 3 × 3 matrix. For
this choice, the interaction corresponds to the aligned 2HDM [23, 24].
For the Yukawa coupling matrix of the lepton, we take
Xii =
√
2mℓi
v
(sβ + cβκℓ),
Xτµ = cβρτµ,
Xµτ = cβρµτ . (12)
Where X = VLYℓ2V
†
R, and VL (VR) is the unitary matrix which transforms the interaction
eigenstates to the mass eigenstates of the left-handed (right-handed) lepton fields. The other
nondiagonal matrix elements of X are zero.
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The Yukawa couplings of the neutral Higgs bosons are given as
yhfifi =
mfi
v
[sin(β − α) + cos(β − α)κf ] ,
yHfifi =
mfi
v
[cos(β − α)− sin(β − α)κf ] ,
yAfifi = −i
mfi
v
κf (for u), yAfifi = i
mfi
v
κf (for d, ℓ),
yhτµ = cos(β − α)ρτµ√
2
, yhµτ = cos(β − α)ρµτ√
2
,
yHτµ = − sin(β − α)ρτµ√
2
, yHµτ = − sin(β − α)ρµτ√
2
,
yAτµ = i
ρτµ√
2
, yAµτ = i
ρµτ√
2
. (13)
Where κu ≡ − tan(β − θu), κd ≡ − tan(β − θd). The κℓ is a free input parameter, which
is used to parameterize the matrix element of the lepton Yukawa coupling, as shown in Eq.
(12). In other words, the matrix elements of the lepton Yukawa coupling are taken as the
Eq. (12) in order to obtain the Yukawa couplings of lepton in Eq. (13).
The neutral Higgs bosons couplings to the gauge bosons normalized to the SM Higgs
boson are given by
yhV = sin(β − α), yHV = cos(β − α), (14)
where V denotes Z and W .
In the exact alignment limit, namely cos(β − α) = 0, the Eq. (13) and Eq. (14) show
that the 125 GeV Higgs (h) has the same couplings to the fermions and gauge bosons as the
SM values, and the tree-level LFV couplings are absent. The heavy CP-even Higgs (H) has
no coupling to the gauge bosons, and there are the tree-level LFV couplings for the A and
H .
III. NUMERICAL CALCULATIONS AND DISCUSSIONS
A. Numerical calculations
In the exact alignment limit, the SM-like Higgs has no tree-level LFV coupling. In order
to explain the h → µτ excess reported by CMS, we assume the signal to be respectively
from H and A, which almost degenerates with the SM-like Higgs at the 125 GeV. Here we
take two scenarios simply: (i) mA=126 GeV and (ii) mH=126 GeV.
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In our calculations, the other involved parameters are randomly scanned in the following
ranges:
−(400 GeV)2 ≤ m212 ≤ (400 GeV)2, 0.1 ≤ tan β ≤ 10,
100 GeV ≤ mH± ≤ 700 GeV,
0 ≤ κu ≤ 1.2, − 150 ≤ κℓ ≤ 150, − 0.3 ≤ ρτµ ≤ 0.3
Scenario i : mA = 126 GeV, 150 GeV ≤ mH ≤ 700 GeV, ρµτ = −ρτµ,
Scenario ii : mH = 126 GeV, 150 GeV ≤ mA ≤ 700 GeV, ρµτ = ρτµ. (15)
In order to relax the constraints from the observables of down-type quarks, we take
κd = 0. For the cases of mA = 126 GeV and mH=126 GeV, we respectively take ρµτ = −ρτµ
and ρµτ = ρτµ to produce a large positive contribution to the muon g-2. The pseudoscalar
A can give the positive contributions to the muon g-2 via the two-loop Barr-Zee diagrams
with the lepton-flavor-conserving (LFC) coupling. Therefore, we take | κℓ |< 150 to examine
the possibility of explaining the muon g-2. In the exact alignment limit, the hτ τ¯ coupling
is independent on κℓ and equals the SM value. However, the Aττ¯ and Hττ¯ couplings can
reach 1.08 and be slightly larger than 1 for | κℓ |= 150, which can not lead to the problem
on the perturbativity due to the suppression of the loop factor. In addition, for such large
κℓ the Br(A → τ τ¯ ) and Br(H → τ τ¯ ) can reach 1. Due to κd = 0 and cos(β − α) = 0,
the cross sections of A and H are equal to zero in the bb¯ associated production mode and
vector boson fusion production mode. However, the searches for gg → A/H → τ τ¯ can give
the constraints on κu. We will discuss the constraints in the following item (5).
During the scan, we consider the following experimental constraints and observables:
(1) Theoretical constraints and precision electroweak data. We use 2HDMC-1.6.5
[25] to implement the theoretical constraints from the vacuum stability, unitarity and
coupling-constant perturbativity, as well as the constraints from the oblique parameters
(S, T , U) and δρ.
(2) B-meson decays and Rb. Although the tree-level FCNCs in the quark sector are
absent, they will appear at the one-loop level in this model. We consider the constraints
of B-meson decays from ∆mBs , ∆mBd , B → Xsγ, and Bs → µ+µ−, which are respectively
calculated using the formulas in [26–28]. In addition, we consider the Rb constraints, which
is calculated following the formulas in [29]. In fact, in this paper we take κd = 0 and
0 ≤ κu ≤ 1.2, which will relax the constraints from the bottom-quark observables sizably.
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τ−
H0k
µ−
µ−
µ+
FIG. 1: The main Feynman diagrams of τ− → µ−µ−µ+. The two µ− in final states can be
exchanged. In the exact alignment limit H0k denotes A and H.
(3) τ decays. In this model, the non-SM-like Higgses have the tree-level LFV couplings
to τ lepton, and the LFC couplings to lepton can be sizably enhanced for −150 ≤ κℓ ≤ 150.
Therefore, some τ decay processes can give very strong constraints on the model.
(i) τ → 3µ. In the exact alignment limit, the LFV Aτµ and Hτµ couplings generate the
τ → µ+µ−µ− process at the tree level, and the corresponding Feynman diagrams are
shown in Fig. 1. The branching ratio of τ → 3µ is given as [30]
Br(τ → 3µ)
Br(τ → µν¯ν) =
∑
φ1,φ2=A,H
I(φ1, φ2)
64G2F
, (16)
where
I(φ1, φ2) = 2
yφ1µτy
∗
φ1µµ
m2φ1
y∗φ2µτyφ2µµ
m2φ2
+ 2
yφ1τµy
∗
φ1µµ
m2φ1
y∗φ2τµyφ2µµ
m2φ2
+
yφ1µτyφ1µµ
m2φ1
y∗φ2µτy
∗
φ2µµ
m2φ2
+
yφ1τµyφ1µµ
m2φ1
y∗φ2τµy
∗
φ2µµ
m2φ2
. (17)
The current experimental upper bound of Br(τ → 3µ) is [31],
Br(τ → 3µ) < 2.1× 10−8. (18)
From the Eq. (17), we can find that the experimental data of Br(τ → 3µ) will give
the very strong constraints on the products, ρτµ × κℓ and ρµτ × κℓ.
(ii) τ → µγ. The main Feynman diagrams of τ → µγ in the model are shown in Fig. 2.
In the exact alignment limit, the SM-like Higgs has no tree-level LFV coupling, and
the heavy CP-even Higgs couplings to the gauge bosons are equal to zero. Therefore,
the SM-like Higgs does not contribute to the τ → µγ, and the τ → µγ can not be
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τH0k
µτ τ
γ
(a)
τ µντ
H+
γ
(b)
τ µ
t, b, τ
γ, Z
γ
H0k
µ
(c)
FIG. 2: The main Feynman diagrams of τ → µγ. In the exact alignment limit H0k denotes A and
H.
corrected via the two-loop Barr-Zee diagrams with the W loop. The Br(τ → µγ) in
this model is given by
BR(τ → µγ)
BR(τ → µν¯ν) =
48π3α (|A1L0 + A1Lc + A2L|2 + |A1R0 + A1Rc + A2R|2)
G2F
, (19)
where A1L0, A1Lc, A1R0 and A1Rc are from the one-loop diagrams with the Higgs boson
and τ lepton [6],
A1L0 =
∑
φ=H, A
y∗φ τµ
16π2m2φ
[
y∗φ ττ
(
log
m2φ
m2τ
− 3
2
)
+
yφ ττ
6
]
, (20)
A1Lc = − (ρ
e†ρe)µτ
192π2m2
H−
, (21)
A1R0 = A1L0
(
y∗φ τµ → yφ µτ , yφ ττ ↔ y∗φ ττ
)
, (22)
A1Rc = 0. (23)
The A2L and A2R are from the two-loop Barr-Zee diagrams with the third-generation
fermion loop [6],
A2L = −
∑
φ=H,A;f=t,b,τ
NCQfα
8π3
y∗φ τµ
mτmf
[Qf {Re(yφ ff)FH (xfφ)− iIm(yφ ff )FA (xfφ)}
+
(1− 4s2W )(2T3f − 4Qfs2W )
16s2W c
2
W
{
Re(yφ ff )F˜H (xfφ, xfZ)− iIm(yφ ff )F˜A (xfφ, xfZ)
}]
,
A2R = A2L
(
y∗φ τµ → yφ µτ , i→ −i
)
, (24)
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τ−
A
µ−
π0
FIG. 3: The main Feynman diagram of τ → µπ0.
where T3f denotes the isospin of the fermion, and
FH(y) =
y
2
∫ 1
0
dx
1− 2x(1− x)
x(1 − x)− y log
x(1− x)
y
(for φ = H),
FA(y) =
y
2
∫ 1
0
dx
1
x(1− x)− y log
x(1 − x)
y
(for φ = A),
F˜H(x, y) =
xFH(y)− yFH(x)
x− y ,
F˜A(x, y) =
xFA(y)− yFA(x)
x− y . (25)
The two terms of A2L come from the effective φγγ vertex and φZγ vertex induced
by the third-generation fermion loop. The current experimental data give an upper
bound of Br(τ → µγ) [33],
Br(τ → µγ) < 4.4× 10−8. (26)
(iii) τ → µπ0. The τ can decay into a lepton and a pseudoscalar meson at the tree level
via the CP-odd Higgs with the LFV couplings, such as τ → µπ0. The corresponding
Feynman diagrams are shown in Fig. 3. The width of τ → µπ0 is given as [34],
Γ(τ → µπ0) = f
2
πm
4
πmτ
512πm4Av
2
(|ρτµ|2 + |ρµτ |2)(κu + κd)2. (27)
The current upper bound of Br(τ → µπ0) is [35],
Br(τ → µπ0) < 1.1× 10−7. (28)
(4) muon g-2. The dominant contributions to the muon g-2 are from the one-loop
diagrams with the Higgs LFV coupling [36], and the corresponding Feynman diagrams can
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be obtained by replacing the initial states τ with µ in Fig. 2 (a) and Fig. 2 (b). In the
exact alignment limit,
δaLFVµ1 =
mµmτρµτρτµ
16π2

(log m2Hm2τ − 32)
m2H
−
log(
m2
A
m2τ
− 3
2
)
m2A

 . (29)
At the one-loop level, the diagrams with the Higgs LFC coupling can also give the con-
tributions to the muon g-2, especially for a large lepton Yukawa coupling [37]. The corre-
sponding Feynman diagrams can be obtained by replacing τ in the initial state and loop
with µ in Fig. 2 (a) as well as replacing the initial state τ with µ and ντ in the loop with νµ
in Fig. 2 (b). The contributions from the one-loop diagrams with the Higgs LFC coupling
are given as
∆aLFCµ1 =
1
8π2
∑
φ=h, H, A, H±
|yφµµ|2rφµ fφ(rφµ), (30)
where rφµ = m
2
µ/m
2
φ and yH±µµ = yAµµ. For rφµ ≪ 1,
fh,H(r) ≃ − ln r − 7/6, fA(r) ≃ ln r + 11/6, fH±(r) ≃ −1/6. (31)
The muon g-2 can be corrected by the two-loop Barr-Zee diagrams with the fermions
loops by replacing the initial state τ with µ in Fig. 2 (c). Further replacing the fermion loop
with W loop, we obtain the two-loop Barr-Zee diagrams with W loop which can contribute
to muon g-2 for the SM-like Higgs h as the mediator in the exact alignment limit. Using
the well-known classical formulates in [38], the main contributions of two-loop Barr-Zee
diagrams in the exact alignment limit are given as
δaµ2 = − αmµ
4π3mf
∑
φ=h,H,A;f=t,b,τ
N cf Q
2
f yφµµ yφff Fφ(xfφ)
+
αmµ
8π3v
∑
φ=h
yφµµ gφWW
[
3FH (xWφ) +
23
4
FA (xWφ)
+
3
4
G (xWφ) +
m2φ
2m2W
{FH (xWφ)− FA (xWφ)}
]
, (32)
where xfφ = m
2
f/m
2
φ, xWφ = m
2
W/m
2
φ, ghWW = 1 and
G(y) = −y
2
∫ 1
0
dx
1
x(1 − x)− y
[
1− y
x(1 − x)− y log
x(1− x)
y
]
. (33)
The experimental value of muon g-2 excess is [39]
δaµ = (26.2± 8.5)× 10−10. (34)
(5) Higgs searches experiments.
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(i) Non-observation of additional Higgs bosons. We employ HiggsBounds-4.3.1 [40] to
implement the exclusion constraints from the neutral and charged Higgses searches at
LEP, Tevatron and LHC at 95% confidence level.
(ii) The global fit to the 125 GeV Higgs signal data. In the exact alignment limit, the
SM-like Higgs has the same coupling to the gauge boson and fermions as the Higgs
couplings in the SM, which is favored by the 125 GeV Higgs signal data. However,
in order to explain the µτ excess around 125 GeV, we assume that the A (H) almost
degenerates with the SM-like Higgs at the 125 GeV. Since the mass splitting of A (H)
and h is smaller than the mass resolution of detector, A (H) can affect the global fit
to the 125 GeV Higgs signal data. Following the method in [41], we perform a global
fit to the 125 GeV Higgs data of 29 channels, which are given in the appendix A. The
signal strength for a channel is defined as
µi =
∑
Hˆ=h, φ
ǫi
ggHˆ
RggHˆ + ǫ
i
V BFHˆ
RV BFHˆ + ǫ
i
V Hˆ
RV Hˆ + ǫ
i
tt¯Hˆ
Rtt¯Hˆ . (35)
Where Rj = (σ × BR)j/(σ × BR)SMj with j denoting the partonic process
ggHˆ, V BFHˆ, V Hˆ, or tt¯Hˆ. ǫij denotes the assumed signal composition of the partonic
process j. If A (H) almost degenerates with the SM-like Higgs, φ denotes A (H). For
an uncorrelated observable i,
χ2i =
(µi − µexpi )2
σ2i
, (36)
where µexpi and σi denote the experimental central value and uncertainty for the i-
channel. We retain the uncertainty asymmetry in the calculation. For the two corre-
lated observables, we take
χ2i,j =
1
1− ρ2
[
(µi − µexpi )2
σ2i
+
(µj − µexpj )2
σ2j
− 2ρ(µi − µ
exp
i )
σi
(µj − µexpj )
σj
]
, (37)
where ρ is the correlation coefficient. We sum over χ2 in the 29 channels, and pay
particular attention to the surviving samples with χ2−χ2min ≤ 6.18, where χ2min denotes
the minimum of χ2. These samples correspond to the 95.4% confidence level region
in any two-dimension plane of the model parameters when explaining the Higgs data
(corresponding to the 2σ range).
(iii) The Higgs decays into τµ. In the exact alignment limit, the µτ excess around 125
GeV is from A (H) → τµ where A (H) almost degenerates with the SM-like Higgs.
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The width of A (H)→ µτ is given by
Γ(A (H)→ µτ) = (ρ
2
µτ + ρ
2
τµ)mA (H)
16π
. (38)
We take the best fit value of Br(h→ µτ) = (0.84+0.39−0.37)% based on the CMS search for
the h→ µτ at the LHC run-I. Since the µτ excess is assumed to be from the A (H),
we require the production rates of pp→ A (H)→ µτ to vary from σ(pp→ h)× 0.1%
to σ(pp→ h)× 1.62%.
In addition, the CMS collaboration did not publish the bound on the heavy Higgs
decaying into µτ . Ref. [7] gave the bound on the production rate of pp→ φ→ µτ by
recasting results from the original h→ µτ analysis of CMS.
B. Results and discussions
In Fig. 4, we project the surviving samples on the planes of ρτµ versus κℓ and κu versus
ρτµ. The lower panels show the κu is required to be smaller than 1 due to the constraints of
B-meson decays and Rb. The upper panels show that there is a strong correlation between
ρτµ and κℓ, which is mainly due to the constraints of Br(τ → 3µ) on the product |ρτµ× κℓ|,
and obviously affected by the constraints of Br(τ → µγ). For example, in the case of
mA = 126 GeV, |ρτµ| is required to be smaller than 0.06 for κℓ = −10.
In the case ofmA = 126 GeV, there are two different regions where the muon g-2 anomaly
can be explained. (i) ρτµ = 0 and |κℓ| > 100: The Higgs LFV couplings are absent due
to ρτµ = 0, and the muon g-2 can be only corrected via the diagrams with the Higgs
LFC couplings. Without the contributions of top quark loops, the contributions of the
CP-even (CP-odd) Higgs to muon g-2 are negative (positive) at the two-loop level and
positive (negative) at one-loop level. As m2f/m
2
µ could easily overcome the loop suppression
factor α/π, the two-loop contributions may be larger than one-loop ones. Therefore, the
muon g-2 can obtain the positive contributions from A loop and negative contributions
from H loop. For the enough mass splitting of H and A, the muon g-2 can be sizably
enhanced by the diagrams with the large Higgs LFC couplings. The corresponding κu is
required to be smaller than 0.2 due to the constraints of the search for gg → A → τ τ¯ at
the LHC, see the pluses (red) with ρτµ = 0 shown in the lower-left panel of Fig. 4. (ii)
0.04 < |ρτµ| < 0.18 and −9 < κℓ < 3: The muon g-2 can be corrected by the diagrams
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FIG. 4: The surviving samples projected on the planes of ρτµ versus κℓ and κu versus ρτµ. The
circles (green) are allowed by the ”pre-muon g-2” constraints: theoretical constraints, precision
electroweak data, Rb, B meson decays, τ decays, the exclusion limits of Higgses, and the 125 GeV
Higgs data; the pluses (red) allowed by the pre-muon g-2 and muon g-2 excess; the bullets (black)
and triangles (blue) allowed by the pre-muon g-2, the muon g-2 anomaly and µτ excess around 125
GeV, and the triangles (blue) further allowed by the experimental constraints of the heavy Higgs
decaying into µτ .
with the Higgs LFV interactions and the Higgs LFC interactions, and the contributions of
the former dominate over those of the latter due to the small | κℓ |. For the diagrams with
the Higgs LFV couplings, the muon g-2 obtains the positive contributions from A loop and
negative contributions from H loop due to ρµτ = −ρτµ. For the enough mass splitting of H
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FIG. 5: Same as Fig. 4, but κu versus mH and κu versus mA.
and A, the muon g-2 can be sizably enhanced by the diagrams with the large Higgs LFV
couplings, and slightly corrected by those with the Higgs LFC couplings.
In the case ofmH = 126 GeV, the contributions of the CP-even Higgs dominate over those
of the CP-odd Higgs due tomA > mH . The muon g-2 obtains the negative contributions from
the diagrams with the Higgs LFC couplings and positive contributions from the diagrams
with the LFV couplings due to ρµτ = ρτµ. Therefore, a proper ρτµ is required to explain the
muon g-2 excess, 0.04 < |ρτµ| < 0.18 and −3 < κℓ < 8 as shown in the right panels of Fig.
4.
In the case of mA = 126 GeV, 0.02 < κu < 0.1 is favored by the µτ excess around 125
GeV and allowed by the experimental constraints of the heavy Higgs decaying into µτ . In
the case of mH = 126 GeV, 0.03 < κu < 0.15 is favored by the µτ excess around 125 GeV,
but some samples with a relatively large κu are excluded by the experimental constraints of
the heavy Higgs decaying into µτ . As well known, the effective ggA coupling is larger than
the ggH coupling for the same Yukawa couplings and Higgs masses since the form factor of
CP-odd Higgs loop is larger than the CP-even Higgs loop. Thus, κu in the case of mH = 126
GeV is required to be larger than that in the case of mA = 126 GeV in order to obtain the
correct µτ excess around 125 GeV. σ(pp→ A→ µτ) in the case of mH = 126 GeV (A as the
heavy Higgs) is much larger than σ(pp→ H → µτ) in the case of mA = 126 GeV (H as the
heavy Higgs) due to the enhancements of the large top Yukawa coupling and the form factor
of the CP-odd Higgs. Therefore, the experimental data of the heavy Higgs decaying into µτ
give more strong constraints on the case of mH = 126 GeV than the case of mA = 126 GeV.
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In Fig. 5, we project the surviving samples on the plane of κu versus mA (mH) in the
case of mH = 126 GeV (mA = 126 GeV). The upper bound of σ(pp→ A/H → µτ) is taken
from Ref. [7], which is obtained by recasting results from the original CMS h→ µτ analysis
for the heavy Higgs in the range of 125 GeV and 275 GeV. From the right panel, for the
case of mH = 126 GeV we find that the experimental data of the heavy Higgs decaying into
µτ can exclude most samples in the ranges of 0.07 < κu < 0.15 and mA < 230 GeV, which
can explain the excesses of muon g-2 and µτ around 125 GeV. For mA > 230 GeV, all the
surviving samples which are consistent with the µτ excess around 125 GeV are allowed by
the experimental constraints of the heavy Higgs decaying into µτ . As discussed before, the
left panel shows that all the surviving samples are allowed by the experimental constraints
of the heavy Higgs decaying into µτ in the case of mA = 126 GeV.
Note that there is the κℓ asymmetry in the regions of 0.04 < |ρτµ| < 0.18, −9 < κℓ < 3
and 0.02 < κu < 0.1 for mA = 126 GeV where muon g-2 can be explained. The main reason
is from the constraints of τ → µγ. In the above regions, the top quark can give sizable
contributions to τ → µγ via the ”A2L” and ”A2R” terms as shown in Eq. (24), which have
destructive (constructive) interferences with the ”A1L0” of Eq. (20) and ”A1R0” of Eq. (22)
induced by the one-loop contributions of τ for κℓ < 0 (κℓ > 0). Therefore, | κℓ | for κℓ < 0
is allowed to be much larger than that for κℓ > 0. Similar reason is for the κℓ asymmetry
in the case of mH = 126 GeV but the destructive (constructive) interferences for κℓ > 0
(κℓ < 0).
In Fig. 6, we project the surviving samples on the planes of ρτµ versus mH and ρτµ versus
mA in the cases of mA = 126 GeV and mH = 126 GeV, respectively. We find that ρτµ is
sensitive to the mass of heavy Higgs, and the absolute value decreases with increasing of the
mass of heavy Higgs in order to explain the muon g-2 anomaly and the µτ excess around
125 GeV. As we discussed above, there is an opposite sign between the contributions of the
H loops and A loops to the muon g-2. Therefore, with the decreasing of the mass splitting
of H and A, the cancelation between the contributions of H and A loops becomes sizable
so that a large absolute value of ρµτ is required to enhance the muon g-2.
In Fig. 7, we project the surviving samples on the planes of mH± versus mH and mH±
versus mA in the cases of mA = 126 GeV and mH = 126 GeV, respectively. We find that the
mass splitting of H± and H (A) decreases with increasing of mH± in the case of mA = 126
GeV (mH = 126 GeV), which is due to the constraints of the oblique parameters and δρ.
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100
200
300
400
500
600
700
200 300 400 500 600 700
mH (GeV)
m
H
 
 
 
(G
eV
)
± 
mA=126 GeV
100
200
300
400
500
600
700
200 300 400 500 600 700
mA (GeV)
m
H
 
 
 
(G
eV
)
± 
mH=126 GeV
FIG. 7: Same as Fig. 4, but mH± versus mH and mH± versus mA.
However, for mH± < 130 GeV, mH (mA) is allowed to be as large as 625 GeV in the case of
mA = 126 GeV (mH = 126 GeV).
In this paper we focus on the exact alignment limit. If the alignment limit is approx-
imately realized, the µτ excess can be from the SM-like Higgs (h) in addition to H or A
around the 125 GeV. Therefore, the upper limits of κu become more stringent. When the
µτ excess is mainly from h, the lower limit of κu will disappear since the htt¯ coupling hardly
changes with κu, and the A(H)tt¯ coupling is (nearly) proportional to κu. In addition, the
upper limit of ρµτ can become more strong for the proper deviation from the alignment
limit. For example, for sin(β −α) = 0.996, Br(h→ µτ) < 1.62% will give an upper limit of
| ρµτ |< 0.0408, which is much smaller than that in the exact alignment limit. In the exact
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alignment limit, the widths of H → hh, WW (∗), ZZ(∗) and A→ hZ are equal to zero, and
increase with decreasing of | sin(β−α) |. Therefore, the searches forH → hh, WW (∗), ZZ(∗)
and A→ hZ can be used to probe the deviation from the alignment limit. These signatures
refer to the H or A whose mass is not near 125 GeV. Otherwise, its signal would be indis-
tinguishable from that coming from the SM-like light Higgs, and even H → hh (A→ hZ) is
absent for H (A) near 125 GeV. Some similar studies have been done in the singlet extension
of the SM [42].
In the previous studies, the µτ excess is assumed to be from the SM-like Higgs h. In this
paper we discuss another interesting scenario where the µτ excess is from either H or A near
the observed Higgs signal. There is no AV V coupling due to the CP-conserving. The HV V
coupling is absent and the hV V coupling is the same as the SM value in the exact alignment
limit. Therefore, the two scenarios can be distinguished by observing the µτ signal via the
vector boson fusion production process at the LHC with high integrated luminosity. In other
words, if the µτ signal excess is observed in the gluon fusion process and not observed in
the vector boson fusion process, the scenario in this paper will be strongly favored. Even
when sin(β−α) deviates from the alignment limit sizably, the production rates of µτ signal
via the gluon fusion and vector boson fusion can still have different correlations in the two
different scenarios.
IV. CONCLUSION
In this paper we examine the muon g-2 anomaly and the µτ excess around 125 GeV in
the exact alignment limit of 2HDM. In the scenario, the SM-like Higgs couplings to the
SM particles are the same as the Higgs couplings in the SM at the tree level, and the tree-
level LFV coupling hµτ is absent. We assume the µτ signal excess observed by CMS to be
respectively from the H and A, which almost degenerates with the SM-like Higgs at the 125
GeV. After imposing various relevant theoretical constraints and experimental constraints
from precision electroweak data, B-meson decays, τ decays and Higgs searches, we obtain
the following observations:
For the case of mA = 126 GeV, the muon g-2 anomaly can be explained in two different
regions: (i) ρτµ = 0 and |κℓ| > 100; (ii) 0.04 < |ρτµ| < 0.18 (|ρτµ| is sensitive to mH) and
−9 < κℓ < 3. Further, the µτ excess around 125 GeV can be explained in the region (ii) with
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0.02 < κu < 0.1 where all the surviving samples are allowed by the experimental constraints
of the heavy Higgs decaying into µτ .
For the case ofmH = 126 GeV, the muon g-2 anomaly excludes the region of ρτµ = 0, and
can be only explained in the region with a proper ρτµ. The muon g-2 anomaly and µτ excess
favor 0.04 < |ρτµ| < 0.18 (|ρτµ| is sensitive to mA), −3 < κℓ < 8 and 0.03 < κu < 0.15.
However, most samples in the ranges of 0.07 < κu < 0.15 and mA < 230 GeV are further
excluded by the experimental constraints of the heavy Higgs decaying into µτ .
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Appendix A: The measured values of the signal strengths of 125 GeV Higgs at the
LHC and Tevatron.
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